ABSTRACT. Nineteen strains of Zoysia sinica collected in Japan and Republic of Korea were investigated to clarify genetic diversity by molecular analysis with random amplified polymorphic DNA (RAPD). In six selected primers after initial screening using a total of 40 primers, altogether 22 reproducible RAPD fragments were amplified. Of these, 19 polymorphic fragments (86.7%) were observed in the range of 200-2000 bp in the 19 strains of the species. RAPD analysis in our study revealed genetic variation among Z. sinica strains with average pairwise distance of 2.77. The highest genetic distance of 3.74 with 14 character differences was obtained within strains from Republic of Korea and between another Korean strain and one Japanese strain from Kyusyu Island, while the lowest genetic distance with only one different character was obtained between the strains of Tsushima Island, Japan.
The creeping perennial grass genus Zoysia, which consists of 16 species, is native to temperate coastal regions from Australasia through southeast Asia to the People's Republic of China, Japan and Republic of Korea (Cai et al. 2005; Shoji 1983) . Zoysia grasses are commonly used in many places like home garden, playing field of golf course, landscape areas or space for relaxation in park, and so on. Because they are great economic turf grasses with adaptabilities to various environmental stresses, many cultivars exist and are available for newly bred improvements of multiple stress tolerance in this genus. There are five Zoysia species native to Japan: Z. japonica Steud., Z. macrostachya Franch. et Sav., Z. matrella (L.) Merr. , Z. sinica Hance and Z. tenuifolia Willd. ex Trin. (Hashiguchi et al. 2007) . Of these, wild species Z. sinica, which grows on seashore and even in intertidal zone, is an attractive plant resource to introduce gene to economically important Zoysia cultivars, since this species has a high tolerance for salt stress. Salt stress is one of the major abiotic stresses, and adversely affects plant productivity by metabolism alterations (Joseph and Jini 2011) .
Zoysia sinica belongs to a group of warm-season grass having the growing period from spring to early autumn in the far eastern coast. In Japan and its neighboring countries, this species is distributed from the south part of Kyushu Islands (the southmost main islands in Japan) through Tsushima Island (Nagasaki Prefecture in the Kyushu District) to Republic of Korea. A large geographicvariety of the ecotypes of Z. sinica is known in Japan (Fukuoka 2000) , and every ecotype has its own phenotypic differences in morphology and physiology. However, there is no information of genetic diversity among Z. sinica individuals or populations. Random amplified polymorphic DNA (RAPD) method (Williams et al. 1990) has been widely used and provide a useful tool for assessing genetic diversity of wild plant species, for identification of individual genotype (Das 2008) , and for resolving relationships among populations (Wong and Sun 1999; Fu et al. 2003) .
In this study, 19 strains of Z. sinica collected in the south part of the Japanese Islands including Tsushima Island and the south part of the Korean Peninsula were investigated to clarify genetic diversity by molecular analysis with RAPD.
MATERIALS AND METHODS

Plant materials The plant materials of Zoysia sinica
Hance collected in Japan and Republic of Korea are shown in Table 1 . All of the plants used here were cultivated in Department of Plant Science, School of Agriculture, Tokai University.
DNA extraction Total genomic DNA extraction followed mainly Doyle and Doyle (1990) . The DNAs were extracted from freeze-dried tissues of the leaves of plant individuals. The fresh leaves were frozen in liquid nitrogen and homogenized to a fine powder. They were gently dispersed in extraction buffer containing 1 M TrisHCl (pH 8.0), 20 mM EDTA, 1.4 M NaCl, 2% cetyltrimethylammonium bromide and 0.5% mercaptoethanol, and were treated with the buffer for 1 h at 55°C. Then, they were treated three times with an equal volume of chloroform-isoamyl alcohol (24:1) for 15 min each and the DNAs were precipitated with an equal volume of isopropyl alcohol. RAPD amplification RAPD amplification followed the instructions of RAPD decamer Kit (Operon technologies, Alamenda, CA., U.S.A.). To optimize the polymerase chain reaction (PCR) amplification conditions, experiments were carried out with varying concentrations of DNA template, primers, and Ex Taq DNA polymerase (Takara RR001). Fourty single-decamers of OPI and OPS series were selected from the RAPD primer set of Operon technologies (Alamenda, CA., U.S.A.).
Amplification was performed on a PCR thermalcycler (Applied biosystems 2720) with 25 µl reaction mixtures containing 62.5 ng of template DNA, 0.2 mM of each dNTPs (dATP, dTTP, dCTP and dGTP), 0.5 units of the Ex Taq DNA polymerase, 10 pmol of primer and, 2.0 mM MgCl 2 . The amplification regime was performed with the following programmes: 95°C for 9 min followed by 45 cycles with 94°C for 1 min, 36°C for 1 min, 72°C for 2 min, and a final extension at 72°C for 10 min. Amplified PCR products were performed onto an agarose gel (1.5% w/v) (Nacalai Tesque, Kyoto, Japan) electrophoresis (iMyrun IMR-201) in 0.5×TAE buffer at 100 V for 60 min. The gel was visualized by ethidium bromide staining and photographed under UV illuminater (Funakoshi, .
Data analysis All RAPD reactions were repeated thrice in order to confirm the reproducible amplification of scored fragments. The bands exhibited more than once in repeated experiments were counted as reproduciblyamplified DNA fragments, and were scored for the construction of the data matrix. The bands appeared to same position in comparison with control RAPD samples (without any template DNA) were excluded to score. Each band selected was scored for presence (1) or absence (0) of a band. The pooled data matrix to calculate genetic distances (Nei 1972 (Nei , 1978 was entered into the StatPartner version 2.0 package. A dendrogram was constructed by employing UPGMA (Unweighted Pair Group Method with Arithmetic Average) (Sokal and Sneath 1963) to group individual into discrete clusters.
RESULTS AND DISCUSSION
Initial screening for primer selection The potential of RAPD fingerprinting to evaluate the strain difference within Zoysia sinica was well demonstrated with amplification of the total genomic DNA purified ( Figs. 1 and 2) . A total of 40 decamer random sequences (OPI and OPS series) were initially screened to select using analysis primers. These primers were tested in each of the nineteen Z. sinica strains for examining RAPD pattern. For the aim of clear up the lurk bands, primers without any polymorphic-band production or any fingerprint-band generating across all strains studied here were not retained. Six primers were selected after the initial screening examination. The sequences of these successful primers are presented in Table 2 .
RAPD profiling In the selected primers, altogether twenty-two reproducible RAPD fragments were amplified. Of these, nineteen polymorphic fragments (86.7%) were observed in the range of 200-2000 bp in the nineteen strains. Average number of the polymorphic bands per primer was 3.2, and each primer had one to seven bands characteristic of the strains. OPS-12 gave the maximum number of polymorphic bands (seven) among the selected primers, while OPI-03 and OPI-04 gave the minimum number of polymorphic bands (one). The maximum number of major amplicons generated by RAPD was obtained with primer OPS-12.
RAPD primer OPS-11 made DNA bands specific to each of the strains of GT24, GT28, GT31 and GT32 in Tsushima Island. In contrast, a common DNA fragment generated by OPS-12 primer appeared in RAPD products of three strains (B107 and B119) of Kumamoto Prefecture, Japan, and two Korean strains (Ko28, Ko42 and Ko44), suggesting a high degree of genetic similarity among them.
Pairwise distance RAPD analysis in our study revealed genetic variation among Z. sinica strains with average pairwise distance of 2.77 ( Cluster analysis Our phylogenetic tree with nineteen strains had five clusters, suggesting that Z. sinica might be rich in the genetic diversity (Fig. 3) . Three clusters, cluster . 6, B129. 7, B133. 8, B134. 9, B135. 10, Ko28. 11, Ko31. 12, Ko38. 13, Ko41. 14, Ko42. 15, GT14. 16, GT24. 17, GT28. 18, GT31. 19, GT32. Individual serial numbers are defined in Table 1 . B107. 2, B109. 3, B119. 4, B124. 5, B127. 6, B129. 7, B133. 8, B134. 9, B135. 10, Ko28. 11, Ko31. 12, Ko38. 13, Ko41. 14, Ko42. 15, GT14. 16, GT24. 17, GT28. 18, GT31. 19, GT32 . Individual serial numbers are defined in Table 3 . Dissimilarity matrix between 19 strains of Zoysia sinica which were calculated using RAPD data Fig. 3 . UPGMA cluster tree of 19 strains of Zoysia sinica. Individual serial numbers are defined in Table 1 .
based on simple sequence repeat (SSR) markers. Their cluster-analysis by SSR bands revealed that Z. matrella and Z. tenuifolia were classified into seven groups associated with native distribution pattern. On the other hand, our RAPD cluster tree in Z. sinica did not show the results similar to that of previous reports, except for Tsushima Island population. Therefore, we suggested that the Z. sinica populations native to Tsushima Island were distantly related to other populations due to keeping regionally-differentiated genotypes.
